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Determining Sustainability Key Performance Indicators for Food Loss 
Reduction 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Purpose:	 this paper presents notable themes regarding the relationship between sustainability 
development and the food loss issue. In doing so, it provides coherent knowledge concerning this 
global problem and highlights the key research areas in this context. 
Design/methodology/approach: this paper is a viewpoint piece; normative literature and 
supposition are used to orientate the views of the authors.  
Findings: this paper has identified the main causes of food loss at each stage of the food supply 
chain. It has then classified the causes into three groups based on organisational environment: 
internal causes, micro-environmental causes and macro-environmental causes. In addition, the 
authors suggest a need to adopt a holistic view of the performance measurement system in the 
food industry through incorporating sustainability pillars with traditional performance 
perspectives in the context of food loss. 
Practical implications: food loss generating from various causes along the supply chain means 
that more food should flow across the supply chains to reach consumers’ homes.	This paper 
provides reassuring insights that will help the decision-makers in food companies to revise the 
performance measurement system in the context of food loss reduction.  
Social implications: reducing food loss will contribute to increasing food availability and 
decreasing food prices, which leads to strengthening economic and physical access for those 
people who are not able to get food. Consequently, it considers a mandatory step to enhance food 
security. 
Originality/value: to raise the significance of food loss reduction along the supply chain and to 
stress an urgent need to adopt a holistic view of the sustainability performance measurement 
system with a particular focus on the food loss issue. 
Keywords: Food loss, Food waste, Sustainability performance indicators, Food security, 
Organisational environment, Food supply chain. 









Globally, food systems produce about 24% of the greenhouse-gas emissions that are responsible 
for 60% of terrestrial biodiversity loss, as well as being the main cause of 33% of soil 
degradation (Rohmer et al., 2019).	 In the European Union (EU) context, the food sector, and 
agriculture production, in particular, is the most energy and water demanding sectors (Maguire et 
al., 2017). A growing population, with an unsustainable production and consumption pattern of 
food, puts further pressure on the environment in the form of resource depletion (UNEP, 2016, 
Rohmer et al., 2019) and	poses a threat to the food security of future generations (Rohmer et al., 
2019, Irani and Sharif, 2016).	Sustainable development that addresses environmental, economic 
and social issues is therefore receiving growing attention in the context of food supply chain 
(FSC) management (Luo et al., 2018, Muth et al., 2019). 
The FSC is a highly dynamic and complex network involving many actors, a variety of products 
and a long series of processes, ranging from agriculture production to manufacturing processes 
and through to logistic and retail activities (Trienekens et al., 2012). Recently, increasing 
attention has been given to food loss and food waste issues and their implications in terms of 
food security and sustainability development (Khalid et al., 2019, Gokarn and Kuthambalayan, 
2019, Irani et al., 2018). In fact, food is an essential factor in many sustainable development 
goals (SDGs) such as no poverty, zero hunger, good health and wellbeing, responsible 
consumption and production,	clean water and sanitation and life on land. 
Food loss and food waste, therefore, are a significant global problem for several reasons. First, 
there are around one billion people in the world and most of those from developing countries are 
undernourished (United Nations, 2018). Second, in food supply chains, food loss and food waste 
are resulting in economic loss with the present phase of discarding leading to financial losses of 
up to US$1 trillion per year globally (Hanson et al., 2016, Lipinski et al., 2017), which affects all 
the supply chain actors, including the final consumer (Bourlakis et al., 2014). Finally, it also 
indicates wastage of natural resources, such as soil and water at the farm-gate level and shows 
that unnecessary pollution has been added to the environment (Muth et al., 2019). Therefore, 
reducing food loss and food waste has continued to be one of the targets of the Sustainable 
development goals (SDGs) to be achieved by the 2030 Agenda – namely, the SDG 12.3: “By 





losses along production and supply chains, including post-harvest losses”(United Nations, 
2018). As a result, sustainability standards and performance system requirements can contribute 
to reducing different risks for FSC entities, including risks such as poor quality, delivery 
problems, demand and supply misalignment, and climate risks (Nakandala et al., 2017). 
Performance measurement is, therefore, a critical issue in FSC management and a key factor in 
monitoring and controlling supply chain operations in order to increase FSC efficiency (Acar et 
al., 2019).  
Noting the above, this paper presents a brief description of the impact of food loss and waste 
reduction on food security. It then provides the main themes regarding food loss, which are 
related to inefficiencies along FSC rather than to food waste due to behaviours at the 
consumption stage. In doing so, it provides coherent knowledge about the global problem of food 
loss. 
2 Food loss reduction as the bedrock of enhancing food security 
Food insecurity is one of the significant development challenges of the world (FAO, 2018). As 
mentioned before, close to a billion people are still malnourished (United Nations, 2018). 
Recently, there is renewed attention regarding the food insecurity issue at global and national 
levels (Khalid et al., 2019). Some efforts are currently being considered by governments and 
decision-makers to mitigate the food insecurity threat, such as: increasing the productivity of the 
agriculture sector, especially in developing and less productive countries (Pradhan et al., 2015); 
enhancing trade in food (Singh, 2017, Clapp, 2017); and shifting towards plentiful types of food 
(Ranganathan et al., 2016). Nevertheless, this situation is not expected to improve soon, as the 
world’s population will continue to increase and food production will also be affected by 
climatic changes, especially in countries suffering from the problem of food insecurity (Aragie et 
al., 2018). However, reducing the considerable level of food loss and food waste is one of the 
most effective ways of closing the gap in food requirement (Dou et al., 2016), roughly estimated 
at one-third of food produced for humans globally (FAO, 2019). The statistics point out that, if a 
quarter of the total food currently lost or wasted globally could be saved, it would be enough to 
feed all the hungry people in the world (Ocicka and Raźniewsk, 2018). 
Food security is defined by the Food and Agriculture Organization (FAO) as “a situation that 





and nutritious food that meets their dietary needs and food preferences for an active and healthy 
life.” (FAO, 2018, p.159).  Based on the FAO definition, food availability, physical and 
economic access to food, food utilization and stability over time are the four main requirements 
for food security. Internationally, the FAO has focused on the impact of food loss and waste 
across the supply chains in its efforts to improve food security, raise income, stimulate economic 
development and save the environment (Gustavsson et al. 2011).  
Moreover, food security and food loss and waste are closely associated, as reducing food loss 
and waste could lead to reducing the pressure on natural resources and increasing the availability 
of food for more people (Garcia-Herrero et al., 2018, Aktas et al., 2018), thereby increasing food 
self-sufficiency and enhancing food security (Clapp, 2017). Achieving food security is a 
significant challenge that requires a set of efforts and actions to be established by many actors, 
including governments, non-governmental organisations, food businesses, agriculturalists and 
supply chain members. Undoubtedly, tackling food loss and food waste issues is one of the key 
milestones in achieving global food security (Irani and Sharif, 2016). 
3 Key causes of food loss 
Food loss and food waste occur along food supply chain stages due to significant and continuous 
changes in the mass and quality of different products from agriculture production to consumption 
(Lemaire and Limbourg, 2019). There is no agreement among researchers on the definition of 
food loss and food waste. Indeed, researchers have used food loss and food waste 
interchangeably. As a consequence, there is difficulty in considering and comparing the findings 
from different countries in the context of food loss and waste (Derqui et al., 2016). This lack of 
clarity may have a negative impact on loss and waste reduction policies (Koester, 2017). 
However, few studies differentiate between food loss and food waste. For example, Parfitt et al. 
(2010) linked food waste at later stages with behavioural issues. Food loss, conversely, relates to 
a lack of infrastructural capacity. Similarly, (Lipinski et al., 2013, HLPE, 2014, Gustavsson et 
al., 2011) have used the same classification in their studies. This paper considers the food loss 
issue from a supply chain management perspective,	similar to the FAO in defining food loss as 
“a decrease in mass (dry matter) or nutritional value (quality) of food that was originally 
intended for human consumption” FAO (2013, p.8). These losses are mainly due to inefficiencies 





lack of market access and inefficient management solutions, in addition to limited control factors 
such as natural disasters and weather fluctuations (see Figure 1). 
 
Figure 1: Food loss and waste along the food supply chain stages (Source: Adapted from  
FAO (2013) ) 
Identifying the key causes of food loss is imperative for improving the current situation and 
helping to reduce the losses along the supply chain by developing and designing suitable 
practices and programmes. There are numerous studies from the normative literature that have 
identified various causes of food loss from different perspectives. Table (1) presents the main 
causes of food loss. 
Table (1): The main causes of food loss along different stages of FSC  








occurs during and 
right after harvest 
operations. 
Natural disasters and weather 
fluctuations 
FAO (2013), Buzby and Hyman (2012), Irani and Sharif 
(2016), Sharif and Irani (2016), Gunders and Bloom (2017), 
Verma et al. (2019) 
Poor harvesting methods Balaji and Arshinder (2016), Papargyropoulou et al. (2014), 
FAO (2013), Gustavsson et al. (2011)  
Quality-standards rejections (colour, 
appearance, size, etc)  
Mena et al. (2014), Arias Bustos and Moors (2018), Irani and 
Sharif (2016), Sharif and Irani (2016), Gunders and Bloom 
(2017) 
Poor operations management Mena et al. (2014), Irani and Sharif (2016), Sharif and Irani 
(2016) 
Lack of infrastructure Verma et al. (2019), Raut et al. (2019a), Buchner et al. 
(2012), FAO (2013) 
Labour shortages which affect the 
harvest level 
Gunders and Bloom (2017), Verma et al. (2019) 
Poor logistics (packaging, storage and 
transportation) 
Kazancoglu et al. (2018), Liljestrand (2017), Beausang et al. 
(2017), Principato et al. (2019), FAO (2013) 
Lack of research and training for food 
loss prevention  
Arivazhagan et al. (2016), Gunders and Bloom (2017), 










Misalignment of demand and supply, 
which leads to overproduction 
Liljestrand (2017), Beausang et al. (2017), Muriana (2017), 
Raut et al. (2019a), Gunders and Bloom (2017) 
Lower market price which forces the 
producers to leave the product in the 
field without harvesting it  
Priefer et al. (2016), Muriana (2017), Gunders and Bloom 
(2017) 
Absence of cooperation between FSC 
actors 












Inadequate packaging and sub-optimal 
storage 
La Scalia et al. (2019a), Kazancoglu et al. (2018), Arias 
Bustos and Moors (2018), Muriana (2017), Irani and Sharif 
(2016), Sharif and Irani (2016), Dora et al. (2019), Wohner et 
al. (2019), Vázquez-Rowe et al. (2019) 
Poor inventory-management practices Dora et al. (2019), Willersinn et al. (2015) 
Improper handling practices Raut et al. (2019a); Balaji and Arshinder (2016) 
Poor transportation Dora et al. (2019), Lipińska et al. (2019), Vázquez-Rowe et 
al. (2019), Verma et al. (2019), Willersinn et al. (2015) 
Lack of proper cold-chain facilities and 
temperature control 
Arias Bustos and Moors (2018), Wu et al. (2019), Raut et al. 
(2019a); Balaji and Arshinder (2016) 
Ignoring food-safety requirements Gunders and Bloom (2017), Willersinn et al. (2015), FAO 
(2013) 
Lack of communication between SC 
members 
Arias Bustos and Moors (2018), Vázquez-Rowe et al. (2019); 
Balaji and Arshinder (2016) 
Lack of awareness regarding FLW 
impact 
Arias Bustos and Moors (2018), Vázquez-Rowe et al. (2019) 
Limited use of new technologies Arias Bustos and Moors (2018), Vázquez-Rowe et al. (2019) 
Lack of infrastructure Irani and Sharif (2016), Sharif and Irani (2016), Vázquez-










Poor process control Mena et al. (2014), Vázquez-Rowe et al. (2019), Dora et al. 
(2019) 
Inefficient operations management Irani and Sharif (2016), Sharif and Irani (2016), Dora et al. 
(2019) 
Lack of training regarding the proper 
practices to avoid food loss 
Arivazhagan et al. (2016), Verma et al. (2019), Dora et al. 
(2019)  
Product defects and damage Buzby and Hyman (2012), Mena et al. (2011), Richter and 
Bokelmann (2016), Dora et al. (2019) 
Quality standards Mena et al. (2014), Gunders and Bloom (2017), Willersinn et 
al. (2015) 
Ignoring food-safety requirements Willersinn et al. (2015) 
Technical faults during the 
manufacturing process 
Richter and Bokelmann (2016), Gunders and Bloom (2017), 
Verma et al. (2019) 
Trading standards and retail regulation Richter and Bokelmann (2016) 
Packaging problems Buzby and Hyman (2012), Mena et al. (2011), Irani and 
Sharif (2016), Arivazhagan et al. (2016), Sharif and Irani 
(2016), Gunders and Bloom (2017), Wohner et al. (2019) 
Sub-optimal inventory management Dora et al. (2019), Vázquez-Rowe et al. (2019), Willersinn et 
al. (2015) 
Poor demand forecasting Buzby and Hyman (2012), Mena et al. (2011), Mena et al. 
(2014), Irani and Sharif (2016), Sharif and Irani (2016) 
Overproduction due to misalignment 
between supply and demand  
Buzby and Hyman (2012), Mena et al. (2011), Gunders and 











occurs during the 
downstream 
distribution of 
final products to 
wholesalers and 
retails. 
Poor inventory practices Mena et al. (2014); Balaji and Arshinder (2016)  
Poor logistics (packaging, handling, 
and transportation) 
Li et al. (2014), Gunders and Bloom (2017), Wohner et al. 
(2019) 
Lack of cold-chain facilities Priefer et al. (2016), Gunders and Bloom (2017), Balaji and 
Arshinder (2016) 
Lack of training Arivazhagan et al. (2016) 
Long delivery distance Priefer et al. (2016), Arivazhagan et al. (2016), Gunders and 
Bloom (2017) 
Increasing the number of 
intermediaries and product deliveries 








Demand uncertainty due to specific 
periods (e.g. holidays, special events) 
Göbel et al. (2015), Mena et al. (2014), Muriana (2017), 
Gunders and Bloom (2017), Mena et al. (2011) 
Sales rates and dimensions  Lebersorger and Schneider (2014) Mena et al. (2014) 
Forecasting accuracy (e.g. overstocked 
product displays) 
Mena et al. (2014), Mena et al. (2011), Gunders and Bloom 
(2017) 
Logistics problems (inadequate 
handling, damaged packaging, 
improper stock techniques) 
Mena et al. (2014), Liljestrand (2017), Wohner et al. (2019), 
Principato et al. (2019) 
Cold-chain interruptions Mena et al. (2011), Wu et al. (2019) 
Marketing strategies and pricing 
policies 
Muriana (2017), Irani and Sharif (2016), Sharif and Irani 
(2016), Mena et al. (2011) 
Labelling issues Mena et al. (2014), Gunders and Bloom (2017), Buchner et 
al. (2012) 
Shelf-life management Mena et al. (2014), La Scalia et al. (2019a) 
Source: Compiled by the authors 
Each organisation along the supply chain is responsible for improving the performance of FSC in 
the context of food loss reduction. Therefore, the actors should focus on the internal processes 
and regulations, of which they have full control, to manage food loss in their supply chains. At 
the same time, they should contribute to tackling other causes of food loss resulting from other 
stakeholders. From this point of view, food loss causes can be categorized into three groups 
based on the Organisational Theory. First, internal causes are related to the internal activities and 
environment of organizations along the supply chain. These factors that generate food loss 
include operational activities, product-related causes, organizational factors, etc. Second, there 
are micro-environmental causes comprised of practices by different stakeholders such as 
suppliers, consumers and competitors. Finally, there are macro-environmental causes, over 
which the supply chain entities have no control or limited control. These include natural, political 





organisational environment along the FSC and the next sections present a brief discussion 
regarding each group of causes: 
 
 
Figure 2: The key food loss generation factors in each organisation along the supply chain   
(Source: The authors) 
 
3.1 Internal causes:  
These are composed of inefficient operations management, product-related causes and 
organisational factors. A wide range of food loss causes is associated with operational practices 
along the supply chain. For example, food loss may occur during harvesting, production, 
handling and storage, processing or distribution-management operations (Dora et al., 2019). Poor 
planning is the first point of food loss because of misalignment of demand and supply (Muriana, 
2017, Beausang et al., 2017)	or inaccurate forecasting (Gunders and Bloom, 2017), which lead to 
overproduction. In addition, limited use of new technology is influential in food loss generation 
(Vázquez-Rowe et al., 2019). Inappropriate logistics facilities are also related to food loss, such 
as improper handling practices (Raut et al., 2019a, Balaji and Arshinder, 2016), sub-optimal 
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Lipińska et al., 2019), inadequate packaging (La Scalia et al., 2019b, Dora et al., 2019) and lack 
of proper cold-chain facilities and temperature control (Wu et al., 2019, Raut et al., 2019b).  
Product-related specifications are assumed to have a considerable impact on food loss regardless 
of food type (Mena et al., 2014). The products’ quality standards are considered as the main 
cause of food loss (Irani and Sharif, 2016). The products should meet market-quality 
requirements (Richter and Bokelmann, 2016) in terms of safety (Willersinn et al., 2015), 
appearance and size (Gunders and Bloom, 2017, Mena et al., 2014). In addition, there are 
product defects and damage along the supply chain (Dora et al., 2019, Richter and Bokelmann, 
2016). 
The organisational-related factors which lead to food loss generation vary from one organisation 
to another. Previous studies have highlighted that a shortage of labourers contributes to reducing 
the harvesting level in the field (Verma et al., 2019). Insufficient training regarding adequate 
practices to avoid food loss (Verma et al., 2019, Dora et al., 2019) and inadequate handling and 
sorting (Arivazhagan et al., 2016) are other causes of food loss. An additional cause is a lack of 
awareness regarding the negative impact of food loss (Vázquez-Rowe et al., 2019, Arias Bustos 
and Moors, 2018). Moreover, inefficient marketing strategies generate food loss in organisations. 
For example, failing to offer a price reduction for a low-quality product generates food losses on 
the retailers’ side (Aschemann-Witzel, 2018). However, some studies have mentioned that 
promotions generate food waste on the customer side through altering purchasing behavior 
(Gunders and Bloom, 2017). 
3.2 Micro-environmental causes  
These are comprised of the practices by different stakeholders along the supply chain, such as 
suppliers, consumers and competitors.	Indeed,	the	design and management practices of the FSC 
are associated with food loss generation. For example, supply chain routes and long delivery 
distances (Gunders and Bloom, 2017, Priefer et al., 2016), an increasing number of 
intermediaries (Balaji and Arshinder, 2016) and a large number of product deliveries 
(Arivazhagan et al., 2016) are all effective in generating food loss. In addition, inefficient 
management solutions by supply chain actors introduce food losses along the supply chain 





The relations between the FSC actors may lead to food loss (Balaji and Arshinder, 2016). For 
example, a lack of communication(Vázquez-Rowe et al., 2019, Arias Bustos and Moors, 2018), 
or an absence of cooperation between supply chain members(Verma et al., 2019) has a negative 
effect on reducing food loss. Additionally, the rejection of some products, based on contractual 
agreements with restricted quality requirements, may lead to food loss (Richter and Bokelmann, 
2016, Tostivint et al., 2017).  
Furthermore, market pricing can contribute to food loss generation (Irani and Sharif, 2016, 
Muriana, 2017) when some producers leave the products at the field if the market prices are 
lower than the harvesting costs (Muriana, 2017). Furthermore, competitors’ activities and 
strategies can also lead to food loss; for example, when the competitor offers the same product 
with a competitive price (Mena et al., 2014, de Hooge et al., 2018).   
3.3 Macro-environmental causes  
In this context, the supply chain entities have limited control, or no control, over natural, 
economic and political factors. Regarding natural causes, weather fluctuations generate food loss 
in different areas, including production, handling, transportation and demand (Verma et al., 
2019). For example, variations in weather affect fresh foods in terms of quality and shelf 
lifetime, as well as causing irregular demand due to changes in customer purchasing behaviours 
(Mena et al., 2011). Political regulations also play a role in food loss generation. For example, 
food-safety standards in some countries limit the use of food for other purposes in order to avoid 
losses (Göbel et al., 2015). Trade relations between countries in the field of food exchange are 
affected by political changes, which cause some losses due to the stopping of exports or imports. 
In addition, a lack of governmental initiatives and policymaking efforts (Lee, 2018) aimed at 
reducing the level of food loss also contributes to food loss generation. Furthermore, economic 
factors influence food loss generation and prevention as well, especially in developing countries 
due to a lack of new technologies and poor infrastructure.  
The authors believe that it is crucial to know the role of the organisation in food loss generation 
to prevent losses and to identify sustainable solutions.	Furthermore, the classification of food loss 
causes is also expected to help food companies to address the internal causes and then to 





on the interaction between these factors in order to improve their operations and activities in the 
context of food loss reduction.  
 
4 Inclusion of food loss in sustainability performance indicators (SPIs): A 
call for action 
Increasing awareness of social and environmental sustainability helps to encourage food 
companies to consider these valuable measures in their performance systems (Duman et al., 
2018). Therefore, food companies should consider sustainability issues by using the decision-
making process to balance the three pillars (economic, social and environmental) of 
sustainability performance (Acar et al., 2019). Consequently, performance measures are 
beneficial in formulating standards to evaluate performance measurement criteria. In doing so, 
help to provide stakeholders with the opportunity to pay more attention to a specific area.	SPIs 
have been defined as “indicators that help to measure the performance of an organization at least 
in one of the three dimensions of sustainability” (Saeed and Kersten, 2017). In the context of the 
food industry, a majority of sustainable-assessment research papers have primarily considered 
only one or two dimensions (León-Bravo et al., 2017). However,	 most recent studies have 
focused on the three pillars of sustainability performance (e.g. Tsolakis et al., 2018, Dania et al., 
2018, Saeed and Kersten, 2017).  
 
The food loss issue remains a significant challenge in FSC management due to its negative 
impact on social (e.g. failure to secure food for a wider population), environmental (energy, soil, 
water, greenhouse-gas emissions) and economic factors (e.g. direct loss for all actors along the 
supply chain) (Alamar et al., 2018). Similarly, Gokarn and Kuthambalayan (2017) have 
summarized the impact of food loss and waste on the three pillars of sustainability: 
environmental (e.g. increase in greenhouse-gas emissions, non-productive use of natural 
resources such as agricultural land and water, waste from non-renewable energy); social (e.g. 
increasing food prices, which affects access, negative effect on nutrition levels) and economic 
(e.g. profit reduction, disposal and treatment costs, negative impact on financial resources for 






However, the insights from the literature review show that the majority of sustainable-
assessment research papers in the food industry have primarily considered only one or two 
sustainability dimensions, which has caused unbalanced measurement models in the context of 
sustainability development. In addition, most of the research fails to include food loss in the 
performance                                                                                                                                                                                                                                                                                                                     
indicators, instead focusing predominantly on general indicators, which might be due to 
difficulties in quantifying food loss along the supply chain. Inclusion of food loss in key 
performance indicators (KPI) can help food industries to monitor and control the supply chain, 
which leads to reducing food loss to manageable proportions (Dora, 2019). Moreover, the KPIs 
help to improve awareness, as well as targeting and monitoring food loss along the supply chain 
(Vlajic et al., 2012). Therefore, further research is needed to explore the indicators of food 
companies’ performance in the context of food loss and waste (Lemaire and Limbourg, 2019). 
As a result, food companies should consider sustainability issues by using the decision-making 
process to balance the three pillars of sustainability performance (Acar et al., 2019). 
Consequently, more comprehensive systems targeting the strategic decision-making level are 
needed in order to develop holistic models that can integrate environmental, social and economic 
issues with particular attention being paid to sustainability development aspects in FSC (Rohmer 
et al., 2019). 
 
The authors believe that understanding of all these inter-relationships between the main causes of 
food loss, and consideration of its environmental and socio-economic impacts, represents the 
most appropriate way to evaluate the current performance measurement in order to mitigate food 
loss risks and enhance food security. Therefore, there is a need for an integrated model for 
evaluating the key performance indicators of the food industry under sustainable development 
dimensions in the context of food loss reduction. 
5  Conclusions 
Food loss in large quantities is undoubtedly one of the significant global problems affecting our 
food security, as well as the world’s sustainability development position. Yet countries around 
the world, especially in developing regions, do not consider this issue seriously due to the 





actors’ efforts to reduce food loss becomes a persistent need in order to tackle this problem 
through different tools along the supply chain.  
However, there is a particular need for much research into the related factors that influence the 
involved actors’ understanding of tackling the subject of food loss. This paper highlights the key 
themes below as findings pertaining to the food loss issue and its relationship with food security 
and sustainability development.  
• Food loss reduction is a key solution for in tackling food insecurity and addressing the 
main causes of food loss at each stage along the supply chain helps to extend the different 
supply chain actors’ understanding of key aspects of the issue in order to design effective 
food loss reduction strategies.	
• Based on the organisational environment, the main causes of food loss are classified into 
three categories: internal causes (e.g. inefficient operations management, product-related 
causes and organisational-related causes); micro-environmental causes (e.g. practices by 
different stakeholders); and macro-environmental causes (e.g.	 natural, political and 
economic factors). 	
• Despite the negative impact of losses along the supply chain, food loss is not considered 
in the performance indicators of food-industry organisations.	
• Continued reductions in food loss, with a focus on the sustainability dimensions across 
different stages of FSC, will require coordination and collaboration between stakeholders 
along the supply chain. 
• Food companies need to revise their measurement systems in order to reduce food loss 
levels along the supply chain. Therefore, the authors suggest that there is a need to adopt a 
holistic view of the performance measurement system in the food industry through 
incorporating sustainability pillars with traditional performance perspectives in the context 
of food loss, based on the root causes of loss.		
Although this paper contributes to the normative literature and presents notable themes regarding 
the relationship between sustainability development and the food loss issue, the authors suggest 
that food loss and FSC sustainability topics require an increase in ongoing research to understand 
the combined nexus. Indeed, more data and in-depth analyses regarding the causes, quantity and 





designed to determine the other causes of food loss and the current KPIs in the food industry. 
Such measures will help to control and monitor food loss. 
As for practical implications, this paper presents key aspects of this global issue which will allow 
the decision-makers in food companies to develop their understanding so as to frame a new 
performance measurement system and diagnose their activities in the context of food loss 
reduction. 
References 
ACAR, M. F., AKTAS, E., AGAN, Y. & BOURLAKIS, M. 2019. Does Sustainability Pay? Evidence 
from the Food Sector. Journal of Foodservice Business Research, 22, 239-260. 
AKTAS, E., SAHIN, H., TOPALOGLU, Z., OLEDINMA, A., HUDA, A. K. S., IRANI, Z., SHARIF, A. 
M., VAN’T WOUT, T. & KAMRAVA, M. 2018. A consumer behavioural approach to food 
waste. Journal of Enterprise Information Management, 31, 658-673. 
ALAMAR, M. D. C., FALAGAN, N., AKTAS, E. & TERRYA, L. A. 2018. Minimising food waste: a 
call for multidisciplinary research. Journal of the Science of Food and Agriculture, 98, 8-11. 
ARAGIE, E., BALIÉ, J. & MORALESOPAZO, C. 2018. Does reducing food losses and wastes in sub-
Saharan Africa make economic sense? Waste Management and Research, 36, 483-494. 
ARIAS BUSTOS, C. & MOORS, E. H. M. 2018. Reducing post-harvest food losses through innovative 
collaboration: Insights from the Colombian and Mexican avocado supply chains. Journal of 
Cleaner Production, 199, 1020-1034. 
ARIVAZHAGAN, R., GEETHA, P. & RAVILOCHANAN, P. 2016. Assessment of wastages in fruit 
supply chain with resp. International Food Research Journal, 23, 723-732. 
ASCHEMANN-WITZEL, J. 2018. Helping You to Waste Less? Consumer Acceptance of Food 
Marketing Offers Targeted to Food-Related Lifestyle Segments of Consumers. Journal of Food 
Products Marketing, 24, 522-538. 
BALAJI, M. & ARSHINDER, K. 2016. Modeling the causes of food wastage in Indian perishable food 
supply chain. Resources, Conservation and Recycling, 114, 153-167. 
BEAUSANG, C., HALL, C. & TOMA, L. 2017. Food waste and losses in primary production: 
Qualitative insights from horticulture. Resources, Conservation and Recycling, 126, 177-185. 
BOURLAKIS, M., MAGLARAS, G., AKTAS, E., GALLEAR, D. & FOTOPOULOS, C. 2014. Firm size 
and sustainable performance in food supply chains: Insights from Greek SMEs. International 
Journal of Production Economics, 152, 112-130. 
BUCHNER, B., FISCHLER, C., GUSTAFSON, E., REILLY, J., RICCARDI, G., RICORDI, C. & 
VERONESI, U. 2012. Food waste: causes, impacts and proposals. Barilla Center for Food & 
Nutrition, 53-61. 
BUZBY, J. C. & HYMAN, J. 2012. Total and per capita value of food loss in the United States. Food 
Policy, 37, 561-570. 
CLAPP, J. 2017. Food self-sufficiency: Making sense of it, and when it makes sense. Food Policy, 66, 
88-96. 
DANIA, W. A. P., XING, K. & AMER, Y. 2018. Collaboration behavioural factors for sustainable agri-
food supply chains: A systematic review. Journal of Cleaner Production, 186, 851-864. 
DE HOOGE, I. E., VAN DULM, E. & VAN TRIJP, H. C. M. 2018. Cosmetic specifications in the food 
waste issue: Supply chain considerations and practices concerning suboptimal food products. 
Journal of Cleaner Production, 183, 698-709. 
DERQUI, B., FAYOS, T. & FERNANDEZ, V. 2016. Towards a more sustainable food supply chain: 





DORA, M. 2019. Collaboration in a circular economy: learning from the farmers to reduce food waste. 
Journal of Enterprise Information Management. 
DORA, M., WESANA, J., GELLYNCK, X., SETH, N., DEY, B. & DE STEUR, H. 2019. Importance of 
sustainable operations in food loss: evidence from the Belgian food processing industry. Annals 
of Operations Research. 
DOU, Z., FERGUSON, J. D., GALLIGAN, D. T., KELLY, A. M., FINN, S. M. & GIEGENGACK, R. 
2016. Assessing U.S. food wastage and opportunities for reduction. Global Food Security, 8, 19-
26. 
DUMAN, G. M., TASKAYNATAN, M., KONGAR, E. & ROSENTRATER, K. A. 2018. Integrating 
Environmental and Social Sustainability Into Performance Evaluation: A Balanced Scorecard-
Based Grey-DANP Approach for the Food Industry. Frontiers in Nutrition, 5. 
FAO 2013. Food wastage footprint and its effects on natural resources: summary report. 
FAO 2018. The State of Food  Security and Nutrition in the World. 
FAO. 2019. Food Loss and Food Waste [Online]. Rome: Food and Agriculture Organization of the 
United Nations. Available: http://www.fao.org/food-loss-and-food-waste/en/ [Accessed 09-06-
2019]. 
GARCIA-HERRERO, I., MARGALLO, M., LASO, J., BATLLE-BALLER, L., BALA, A., FULLANA, 
P., VAZQUEZ-ROWE, I., DURÁ, M. J., SARABIA, C., ABAJAS, R., AMO-SETIEN, F. J., 
QUIÑONES, A., IRABIEN, A. & ALDACO, R. 2018. Towards a sustainable agri-food system 
by an energetic and environmental efficiency assessment. Chemical Engineering Transactions, 
70, 811-816. 
GÖBEL, C., LANGEN, N., BLUMENTHAL, A., TEITSCHEID, P. & RITTER, G. 2015. Cutting food 
waste through cooperation along the food supply chain. Sustainability (Switzerland), 7, 1429-
1445. 
GOKARN, S. & KUTHAMBALAYAN, T. S. 2017. Analysis of challenges inhibiting the reduction of 
waste in food supply chain. Journal of Cleaner Production, 168, 595-604. 
GOKARN, S. & KUTHAMBALAYAN, T. S. 2019. Creating sustainable fresh produce supply chains by 
managing uncertainties. Journal of Cleaner Production, 207, 908-919. 
GUNDERS, D. & BLOOM, J. 2017. Wasted: How America is losing up to 40 percent of its food from 
farm to fork to landfill, Natural Resources Defense Council New York. 
GUSTAVSSON, J., CEDERBERG, C., SONESSON, U. & EMANUELSSON, A. 2011. The 
methodology of the FAO study: " Global Food Losses and Food Waste - extent, causes and 
prevention " -FAO, 2011 By SIK -The Swedish Institute for Food and Biotechnology. 
HANSON, C., LIPINSKI, B., ROBERTSON, K., DIAS, D., GAVILAN, I., GRÉVERATH, P., RITTER, 
S., FONSECA, J., VAN OTTERDIJK, R. & TIMMERMANS, T. 2016. Food loss and waste 
accounting and reporting standard. WRI, Nestlé, CGF, FAO, EU-funded FUSIONS project, 
UNEP, WRAP, WBCSD, NRI. URL. 
HLPE 2014. Food losses and waste in the context of sustainable food systems. A report by the High Level 
Panel of Experts on Food Security and Nutrition of the Committee on World Food Security,Rome 
2014. 
IRANI, Z. & SHARIF, A. M. 2016. Sustainable food security futures: Perspectives on food waste and 
information across the food supply chain. Journal of Enterprise Information Management, 29, 
171-178. 
IRANI, Z., SHARIF, A. M., LEE, H., AKTAS, E., TOPALOĞLU, Z., VAN'T WOUT, T. & HUDA, S. 
2018. Managing food security through food waste and loss: Small data to big data. Computers 
and Operations Research. 
KAZANCOGLU, Y., OZKAN-OZEN, Y. D. & OZBILTEKIN, M. 2018. Minimizing losses in milk 
supply chain with sustainability: An example from an emerging economy. Resources, 
Conservation and Recycling, 139, 270-279. 
KHALID, S., NASEER, A., SHAHID, M., SHAH, G. M., ULLAH, M. I., WAQAR, A., ABBAS, T., 





governing this waste at household level in Pakistan. Journal of Cleaner Production, 206, 1015-
1024. 
KOESTER, U. 2017. Food Loss and Waste as an Economic and Policy Problem*. World Agricultural 
Resources and Food Security. Emerald Publishing Limited. 
LA SCALIA, G., MICALE, R., MIGLIETTA, P. P. & TOMA, P. 2019a. Reducing waste and ecological 
impacts through a sustainable and efficient management of perishable food based on the Monte 
Carlo simulation. Ecological Indicators, 97, 363-371. 
LA SCALIA, G., MICALE, R., MIGLIETTA, P. P. & TOMA, P. 2019b. Reducing waste and ecological 
impacts through a sustainable and efficient management of perishable food based on the Monte 
Carlo simulation. Ecological Indicators, 97, 363-371. 
LEBERSORGER, S. & SCHNEIDER, F. 2014. Food loss rates at the food retail, influencing factors and 
reasons as a basis for waste prevention measures. Waste management, 34, 1911-1919. 
LEE, K. C. 2018. Grocery shopping, food waste, and the retail landscape of cities: The case of Seoul. 
Journal of Cleaner Production, 172, 325-334. 
LEMAIRE, A. & LIMBOURG, S. 2019. How can food loss and waste management achieve sustainable 
development goals? Journal of Cleaner Production, 234, 1221-1234. 
LEÓN-BRAVO, V., CANIATO, F., CARIDI, M. & JOHNSEN, T. 2017. Collaboration for Sustainability 
in the Food Supply Chain: A Multi-Stage Study in Italy. Sustainability, 9, 1253. 
LI, D., WANG, X., CHAN, H. K. & MANZINI, R. 2014. Sustainable food supply chain management. 
International Journal of Production Economics, 1-8. 
LILJESTRAND, K. 2017. Logistics solutions for reducing food waste. International Journal of Physical 
Distribution and Logistics Management, 47, 318-339. 
LIPIŃSKA, M., TOMASZEWSKA, M. & KOŁOZYN-KRAJEWSKA, D. 2019. Identifying factors 
associated with food losses during transportation: Potentials for social purposes. Sustainability 
(Switzerland), 11. 
LIPINSKI, B., CLOWES, A., GOODWIN, L., HANSON, C., SWANNELL, R. & MITCHELL, P. 2017. 
SDG Target 12.3 on Food Loss and Waste: 2017 Progress Report. An annual update on behalf of 
Champions 12.3. Washington, DC: World Resources Institute (WRI) on behalf of Champions. 
LIPINSKI, B., HANSON, C., LOMAX, J., KITINOJA, L., WAITE, R. & SEARCHINGER, T. 2013. 
Reducing Food Loss and Waste. World Resources Institute. 
LUO, J., JI, C., QIU, C. & JIA, F. 2018. Agri-food supply chain management: Bibliometric and content 
analyses. Sustainability, 10, 1573. 
MAGUIRE, C., BELCHIOR, C., HOOGEVEEN, Y., WESTHOEK, H. & MANSHOVEN, S. 2017. Food 
in a green light–a systems approach to sustainable food. European Environment Agency. 
MENA, C., ADENSO-DIAZ, B. & YURT, O. 2011. The causes of food waste in the supplier-retailer 
interface: Evidences from the UK and Spain. Resources, Conservation and Recycling, 55, 648-
658. 
MENA, C., TERRY, L. A., WILLIAMS, A. & ELLRAM, L. 2014. Causes of waste across multi-tier 
supply networks: Cases in the UK food sector. International Journal of Production Economics, 
152, 144-158. 
MURIANA, C. 2017. A focus on the state of the art of food waste/losses issue and suggestions for future 
researches. Waste Management, 68, 557-570. 
MUTH, M. K., BIRNEY, C., CUÉLLAR, A., FINN, S. M., FREEMAN, M., GALLOWAY, J. N., GEE, 
I., GEPHART, J., JONES, K., LOW, L., MEYER, E., READ, Q., SMITH, T., WEITZ, K. & 
ZOUBEK, S. 2019. A systems approach to assessing environmental and economic effects of food 
loss and waste interventions in the United States. Science of the Total Environment, 685, 1240-
1254. 
NAKANDALA, D., LAU, H. & ZHAO, L. 2017. Development of a hybrid fresh food supply chain risk 
assessment model. International Journal of Production Research, 55, 4180-4195. 
OCICKA, B. & RAŹNIEWSK, M. 2018. FOOD WASTE REDUCTION AS A CHALLENGE IN 





PAPARGYROPOULOU, E., LOZANO, R., K. STEINBERGER, J., WRIGHT, N. & UJANG, Z. B. 
2014. The food waste hierarchy as a framework for the management of food surplus and food 
waste. Journal of Cleaner Production, 76, 106-115. 
PARFITT, J., BARTHEL, M. & MACNAUGHTON, S. 2010. Food waste within food supply chains: 
Quantification and potential for change to 2050. Philosophical Transactions of the Royal Society 
B: Biological Sciences, 365, 3065-3081. 
PRADHAN, P., FISCHER, G., VAN VELTHUIZEN, H., REUSSER, D. E. & KROPP, J. P. 2015. 
Closing yield gaps: How sustainable can we be? PloS one, 10, e0129487. 
PRIEFER, C., JÖRISSEN, J. & BRÄUTIGAM, K.-R. 2016. Food waste prevention in Europe–A cause-
driven approach to identify the most relevant leverage points for action. Resources, Conservation 
and Recycling, 109, 155-165. 
PRINCIPATO, L., RUINI, L., GUIDI, M. & SECONDI, L. 2019. Adopting the circular economy 
approach on food loss and waste: The case of Italian pasta production. Resources, Conservation 
and Recycling, 144, 82-89. 
RANGANATHAN, J., VENNARD, D., WAITE, R., DUMAS, P., LIPINSKI, B., SEARCHINGER, T. & 
GLOBAGRI-WRR, M. A. 2016. Shifting diets for a sustainable food future. World Resources 
Institute. 
RAUT, R. D., GARDAS, B. B., NARWANE, V. S. & NARKHEDE, B. E. 2019a. Improvement in the 
food losses in fruits and vegetable supply chain - a perspective of cold third-party logistics 
approach. Operations Research Perspectives, 6. 
RAUT, R. D., LUTHRA, S., NARKHEDE, B. E., MANGLA, S. K., GARDAS, B. B. & 
PRIYADARSHINEE, P. 2019b. Examining the performance oriented indicators for 
implementing green management practices in the Indian agro sector. Journal of Cleaner 
Production, 215, 926-943. 
RICHTER, B. & BOKELMANN, W. 2016. Approaches of the German food industry for addressing the 
issue of food losses. Waste management, 48, 423-429. 
ROHMER, S. U. K., GERDESSEN, J. C. & CLAASSEN, G. D. H. 2019. Sustainable supply chain design 
in the food system with dietary considerations: A multi-objective analysis. European Journal of 
Operational Research, 273, 1149-1164. 
SAEED, M. A. & KERSTEN, W. 2017. Supply chain sustainability performance indicators - a content 
analysis based on published standards and guidelines. Logistics Research, 10, 1-19. 
SHARIF, A. M. & IRANI, Z. 2016. People, process and policy perspectives on food security: An 
exploration using systems archetypes. Transforming Government: People, Process and Policy, 
10, 359-367. 
SINGH, I. 2017. Linkages between agricultural trade liberalization and food security: Evidence from 
India and policy challenges. Editorial Board, 6, 268. 
TOSTIVINT, C., DE VERON, S., JAN, O., LANCTUIT, H., HUTTON, Z. V. & LOUBIÈRE, M. 2017. 
Measuring food waste in a dairy supply chain in Pakistan. Journal of Cleaner Production, 145, 
221-231. 
TRIENEKENS, J. H., WOGNUM, P., BEULENS, A. J. & VAN DER VORST, J. G. 2012. Transparency 
in complex dynamic food supply chains. Advanced Engineering Informatics, 26, 55-65. 
TSOLAKIS, N., ANASTASIADIS, F. & SRAI, J. S. 2018. Sustainability performance in food supply 
networks: Insights from the UK industry. Sustainability (Switzerland), 10. 
UNEP 2016. Food systems and natural resources, United Nations Environmental Programme. 
UNITED NATIONS 2018. Sustainable development goals: 17 goals to transform our world. 
VÁZQUEZ-ROWE, I., LASO, J., MARGALLO, M., GARCIA-HERRERO, I., HOEHN, D., AMO-
SETIÉN, F., BALA, A., ABAJAS, R., SARABIA, C., DURÁ, M. J., FULLANA-I-PALMER, P. 
& ALDACO, R. 2019. Food loss and waste metrics: a proposed nutritional cost footprint linking 





VERMA, M., PLAISIER, C., VAN WAGENBERG, C. P. A. & ACHTERBOSCH, T. 2019. A systems 
approach to food loss and solutions: Understanding practices, causes, and indicators. 
Sustainability (Switzerland), 11. 
VLAJIC, J. V., VAN DER VORST, J. G. A. J. & HAIJEMA, R. 2012. A framework for designing robust 
food supply chains. International Journal of Production Economics, 137, 176-189. 
WILLERSINN, C., MACK, G., MOURON, P., KEISER, A. & SIEGRIST, M. 2015. Quantity and quality 
of food losses along the Swiss potato supply chain: Stepwise investigation and the influence of 
quality standards on losses. Waste Management, 46, 120-132. 
WOHNER, B., PAUER, E., HEINRICH, V. & TACKER, M. 2019. Packaging-related food losses and 
waste: An overview of drivers and issues. Sustainability (Switzerland), 11. 
WU, W., BERETTA, C., CRONJE, P., HELLWEG, S. & DEFRAEYE, T. 2019. Environmental trade-
offs in fresh-fruit cold chains by combining virtual cold chains with life cycle assessment. 
Applied Energy, 254.	
 
